Synergistic cytotoxicity of N-methyl-N'-nitro-N-nitrosoguanidine and absence of poly(ADP-ribose) glycohydrolase involves chromatin decondensation.
DNA-alkylating agents in combination with poly (ADP-ribose) (PAR) synthesis inhibitors are a promising treatment for cancer. In search of other efficacious alternatives, we hypothesized that the absence of poly(ADP-ribose) glycohydrolase (PARG), which leads to the inhibition of PAR hydrolysis, would lead to increased DNA alkylation after treatment with low doses of N-methyl-N'-nitro-N-nitrosoguanidine (MNNG). At a sublethal dose, MNNG shows synergistic cytotoxicity in PARG-null embryonic trophoblast stem (TS) cells. The PAR modifications of histone H1 and histone H2B are much more pronounced in PARG null-TS cells exposed to MNNG, suggesting their relevance in the efficacy of this combination therapy. Because the PAR modification of these chromatin binding proteins leads to chromatin remodeling, a possible mechanism for the observed synergistic effects involves the subsequent decondensation of chromatin, which may cause the genomic DNA to be more accessible to MNNG alkylation. Further analysis demonstrated chromatin decondensation in PARG null-TS cells as visualized by electron microscopy. In addition, treatment with MNNG led to an increase in O6- methylguanine levels in PARG null-TS cells compared to wild-type, which demonstrates increased DNA alkylation in the absence of PARG. Taken together, we provide compelling evidence that the absence of PARG leads to chromatin decondensation, which in turn leads to increased amounts of DNA alkylation and cell death induced by low doses of MNNG. Therefore, combination therapy of PARG inhibition and a DNA- alkylating agent is a potential treatment to induce the death of cancer cells.